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Open access under the ElsThe effect of experimental exposure of Biomphalaria glabrata to different doses (5 and 50) of Echinostoma
paraensei miracidia on the total levels of cholesterol and triglycerides circulating in the hemolymph and
the neutral lipids in the digestive gland–gonad (DGG) complex were studied. The snails were dissected
one, two, three and four weeks after infection to collect the hemolymph and DGG tissue, to measure
the levels of cholesterol and triglycerides in the hemolymph and neutral lipids in the tissue. The results
for the hemolymph showed a similar order of variation for both substrates tested in the ﬁrst week after
infection. The reduced levels of these lipids in the infected snails indicate intense use of these substrates
both by the intermediate host and the parasite, suggesting its probable participation in the energy metab-
olism and structural construction of the developing larval stages. Alterations in the proﬁle of neutral lip-
ids in the DGG were also found. The results obtained indicate that in this model, the lipid metabolism
depends on the miracidial dose used.
 2011 Elsevier Inc. Open access under the Elsevier OA license.1. Introduction
Changes in the lipid metabolism of snails in response to starva-
tion, estivation, photoperiod, type of diet and infection by different
types of trematodes, especially Echinostoma sp., have been investi-
gated (Fried et al., 1989, 2001; Lustrino et al., 2010; Pinheiro et al.,
2009). However, pathobiochemical effects of larval trematodes on
the metabolism of lipids of host snails are frequently contradictory.
For example, Bandstra et al. (2006) and Fried et al. (1989) observed
a signiﬁcant decrease in the triacylglycerol fraction in the digestive
gland–gonad (DGG) complex of Biomphalaria glabrata (Say, 1818)
infected by Echinostoma caproni (Richard, 1964). Paradoxically,
Fried and Sherma, 1990 observed an increase in the triacylglycerol
levels in the DGG of Helisoma trivolvis (Say, 1817) infected by
Echinostoma trivolvis (Cort, 1914). In a later study, Fried et al.
(2001) found that a diet rich in lipids is capable of changing the
level of free steroids but not of triacylglycerol in the DGG of
B. glabrata infected by Schistosoma mansoni (Sambon, 1907). Theevier OA license.results of these various studies show that this mobilization de-
pends on various factors, such as diet, parasite species, host species
and the conditions to which they are submitted. Moreover, Band-
stra et al. (2006) suggested that this discrepancy can at least partly
be explained by the use of different miracidial doses, once that dif-
ferent responses have been observed on the reproductive function,
larval development and metabolic change in snails infected with
different miracidial doses (Massoud, 1974; Théron et al., 1992;
Tunholi et al., 2011).
The present study sought to evaluate the inﬂuence of infection
by two miracidial doses (5 and 50) of E. paraensei on the neutral
lipids proﬁle in the DGG of B. glabrata, over four weeks after infec-
tion that corresponds to prepatent period of this parasite (Lie and
Basch, 1967). Additionally, the levels of free cholesterol and triac-
ylglycerol were measured in the hemolymph of the infected and
uninfected snails, since previous studies have demonstrated more
signiﬁcant changes in the levels of these molecules in the tissues of
B. glabrata subjected to different infection protocols (Bandstra
et al., 2006; Muller et al., 2000). Therefore, this study also aimed
to investigate the cause of the differences among the studies cited
above, focusing on at least one possible factor (the miracidial dose),
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(Pinheiro et al., 2009).
2. Material and methods
2.1. Obtaining of E. paraensei miracidia
Laboratory-reared hamsters (Mesocricetus auratus) aged four
months were experimentally infected by the gastric route with
50 E. paraensei metacercariae. Four weeks after infection, the ham-
sters were euthanized in a CO2 chamber (according to the protocol
approved by the Animal Use Ethics Committee, CEUA L-074/08)
and necropsied to obtain the adult worms from the small intestine.
The uterus of each adult worm was scraped to release the eggs,
which were incubated in dechlorinated water and kept at 26 C
for 14 days. After this period, the eggs were exposed to light from
an incandescent bulb (100W, 127 V) to stimulate hatching of the
miracidia (Pinheiro et al., 2004a, b, 2005, 2009).
2.2. Experimental infection of B. glabrata (Sumidouro, RJ isolate) and
formation of the groups
The snail specimens had been reared in the Laboratório de Biolo-
gia e Parasitologia de Mamíferos Silvestres Reservatórios, Instituto
Oswaldo Cruz, Brazil. The snails were kept in clear glass aquariums
with 2 L capacity (10 specimens/aquarium) and fed on alternate
days with fresh lettuce (Lactuca sativa L.) ad libitum for one week
for adaptation to the experimental conditions. Three groups of 40
snails were formed: control, not exposed to miracidia, and exposed
for 24 h to 5miracidia and to 50miracidia (Tunholi et al., 2011). The
snails were subsequently transferred and maintained as described
previously. The tests were performed in duplicate. Each week after
infection 10 specimens from each group were dissected to collect
the DGG and hemolymph. All the specimens of B. glabrata used in
this experiments had shell diameters between 8 and 12 mm.
2.3. Determination of the concentrations of triacylglycerol and
cholesterol in the hemolymph
Spectrophotometric analysis were used to support quantita-
tively the result observed for triacylglycerol (TAG) and cholesterol
(CHO) levels in the hemolymph, because this method is practice
and have been validated in the quantiﬁcation of this molecules
and others (Lustrino et al., 2010; Pinheiro et al., 2009).
To determine the TAG concentration, 10 ll of hemolymph was
mixed with 1 ml of a solution containing 50 mmol/L of pipera-
zine-N,N0-bis (2-ethanesulfonic acid) (PIPES) [pH 7.4], 1.25 mmol
of 4-chlorophenol, 4,600 U of lipase, 40 U of glycerol kinase,
125 U of glycerol-3-phosphate oxidase, 60 U of peroxidase,
0.024 mmol of ATP and 0.018 mmol of 4-aminoantipyrine. The
mixture was homogenized and incubated at 37 C for 10 min.
The absorbances were read with a spectrophotometer at 510 nm
(Kaplan and Peasce, 1987). The results were expressed as mg/dl.
To measure the CHO level, 10 ll of hemolymph was mixed with
1 ml of the color reagent (buffer of 35 mmol/L of PIPES [pH 7.0]
containing 0.5 mmol/L of sodium cholate, 0.5 mmol/L of 4-amino-
antipyrine, cholesterol esterase P300 U, cholesterol oxidase
P204 U and peroxidase P828 U). The resulting solution was then
homogenized and incubated at 37 C for 10 min. In this case, the
absorbances were read with the spectrophotometer at 500 nm
(Kaplan and Peasce, 1987) and the results were expressed as mg/dl.
2.4. Monodimensional thin-layer chromatography and image analysis
For analysis of different neutral lipids in snails tissues, TLC was
used as standard methodology, due it ability to assess several lipidsconcomitantly. Moreover, this methodology has been used in other
studies related to neutral lipid changes in DGG of snails, as dis-
cussed here (Bandstra et al., 2006; Fried et al., 1998, 2001).
Fifty milligrams of DGG tissue from each group was homoge-
nized in 100 lL of lysis buffer (TRIS 50 mM; EDTA 5 mM; Nonidet
P-40 1%; TLCK 0.1 mM; PMSF 2 mM). The homogenates were cen-
trifuged at 2520g for 3 min. The protein content in the supernatant
fractions was determined according to Lowry with modiﬁcation
(Markwell et al., 1978), using bovine serum albumin as the stan-
dard. Samples containing 300 lg of total protein were submitted
to lipid extraction as described by Bligh and Dyer (1959). The lipids
extracted were analyzed by one-dimensional-thin-layer chroma-
tography (TLC) for neutral lipids using hexane, ethyl ether and ace-
tic acid (60:40:1 by volume) as eluent (Kawooya and Law, 1988).
The neutral lipids used as standard curves were CHO, cholesterol
ester (CHOE), TAG and fatty acids (FA). Both the standards (20 lg
of each) and sample extracts were spotted onto silica plates. After
that, each plate was developed until the eluent front reached one
centimeter from the edge of the plate. The lipids in the plate were
charred by dipping the plate in 10% cupric sulphate (w/v) and 8%
phosphoric acid (v/v). After being dried, each plate was heated at
150 C for 10 min (Ruiz and Ochoa, 1997).The images were ana-
lyzed by the Image Quant software.
The DGG tissues of uninfected snail collected at the end of each
week were polled. Thus, the mean result obtained could better ex-
press the variation observed in the infected groups during the four
weeks of infection.2.5. Statistical analysis
The results obtained in the tests to measure the concentrations
of CHO and TAG in the hemolymph were expressed as mean ± stan-
dard deviation and the Tukey test/ANOVA were utilized for com-
parison of the means. A polynomial regression was estimated to
analyze the relation between the values obtained and the time of
infection, as well as the parasite load to which the snails had been
exposed (P > 0.05) (InStat, GraphPad, v.5.00, Prism). The values for
TAG and CHO levels in the hemolymph of uninfected snails were
expressed as mean, represented by zero (0) week, once that there
is no signiﬁcant difference among them at the end of each week.
The chromatographic results were expressed as percentages in
relation to the control group (uninfected), also represented as zero
(0) weeks of infection.3. Results
The infection in B. glabrata by E. paraensei caused changes in the
hemolymph levels of CHO in the snails. There was a positive rela-
tion between the infection time and CHO concentration in the
specimens exposed to both ﬁve (r2 = 0.69) and 50 (r2 = 0.46) mira-
cidia. In the snails exposed to ﬁve miracidia there was a decrease of
68.65% and 48.09% in the CHO levels in the hemolymph in the ﬁrst
and second week after infection (0.32 ± 0.04 and 0.53 ± 0.03 mg/dl,
respectively) in relation to the control group (1.02 ± 0.08 mg/dl),
but the third week after infection there was a signiﬁcant increase
(0.91 ± 0.02 mg/dl) in relation to in relation to the previous two
weeks. Likewise, in the snails exposed to 50 miracidia there was
a reduction in the CHO concentrations in the hemolymph in the
ﬁrst two weeks after infection (0.50 ± 0.052 and 0.71 ± 0.05 mg/
dl, respectively), and a rise in the levels in the third week after
infection (0.85 ± 0.04 mg/dl) (Table 1).
Changes in the concentrations of TAG in the hemolymph of the
infected B. glabrata specimens were also observed. The smallest
and largest values were obtained, respectively, in the ﬁrst
(0.27 ± 0.06 mg/dl) and fourth (0.89 ± 0.00 mg/dl) week after
Table 1
Levels of cholesterol and triacylglycerol in the hemolymph (mg/dl) of Biomphalaria glabrata infected with 5 and 50 miracidia of Echinostoma paraensei, in different post-infection
periods, expressed in weeks. Week 0 (zero) represents the average of the control group during the four weeks of analysis, since there were no signiﬁcant differences in these
weeks. a, b, c = means followed by different letters differ signiﬁcantly, P < 0.05, (mean ± standard deviation).
Weeks of infection Cholesterol (mg/dl) Triacylglycerol (mg/dl)
Miracidial doses Miracidial doses
5 50 5 50
0 1.012 ± 0.086a 2.223 ± 0.225a
1 0.320 ± 0.040b 0.500 ± 0.0529b 0.273 ± 0.061b 0.380 ± 0.040b
2 0.536 ± 0.035c 0.718 ± 0.050c 0.520 ± 0.023b,c 0.613 ± 0.030b,c
3 0.914 ± 0.020d 0.853 ± 0.041c,d 0.687 ± 0.027c,d 0.848 ± 0.039c
4 1.078 ± 0.026a 0.876 ± 0.017a,d 0.897 ± 0.007d 0.838 ± 0.008c
r2 +0.69 +0.46 +0.78 +0.74
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control group (2.22 ± 0.22 mg/dl). For the snails exposed to 50
miracidia, the smallest value was observed in the ﬁrst week after
infection (0.38 ± 0.04 mg/dl) and the highest in the third week
(0.84 ± 0.03). The polynomial regression test indicated a weak po-
sitive relation between the TAG level and time of infection in both
the groups submitted to ﬁve (r2 = 0.78) and 50 (r2 = 0.74) miracidia
(Table 1).
The levels of CHO and CHOE in the treated groups were lower
than those in the control group throughout the experiment. The
CHO level in the DGG complex of the snails exposed to ﬁve mira-
cidia declined in comparison with the control group, with the low-
est values observed in the last two weeks after infection (third and
fourth weeks), with respective declines of 45.47% and 40.2%
(Fig. 1A). The same order of variation was observed in the group
exposed to 50 miracidia, with declines of 53.45% and 52.13% in
the same periods. Likewise, there was a reduction in the CHOEFig. 1. Concentration of neutral lipids in the digestive gland–gonad (DGG) complex of Bio
a function of time of infection, expressed in weeks. Week 0 (zero) represents the average
(B) level of cholesterol ester (CHOE); (C) level of triacylglycerol (TAG) and (D) level of fatlevels in both infected groups, with this being most pronounced
in the third and fourth weeks post-infection (Fig. 1B).
The levels of TAG and FA in the two treated groups were consis-
tently higher than those in the control group during the entire
observation period. The TAG levels in the DGG complex increased
steadily from the ﬁrst week after infection in the groups exposed
to 5 and 50 miracidia, attaining increases of 264.83% and 331%,
respectively, in relation to the control group in the fourth week
post-infection (Fig. 1C). The corresponding increases in the FA lev-
els for the two treatment groups in relation to the control in the
fourth week were 220% and 214.48%, respectively (Fig. 1D)
4. Discussion
The TAG levels in the hemolymph in the two treated groups
were signiﬁcantly lower in relation to the control group during
the entire infection period, suggesting the use of this substrate asmphalaria glabrata infected by 5 (d) and 50 (j) miracidia of Echinostoma paraensei as
of the control group during the four weeks of analysis. (A) level of cholesterol (CHO);
ty acids (FA). All values are expressed as percentage in relation to the control group.
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week of infection. This period corresponds to the greatest asexual
reproduction of the parasite when the ﬁrst stage larvae, so-called
miracidium, gives rise to sporocyst, which will form the numerous
cercariae later, with greater energy demand, as well as the need for
a large quantity of building blocks for the developing larvae to syn-
thesize new structures, such as recruitment of lipids to build new
cell membranes (Pinheiro et al., 2004a, b, 2005, 2009). Moreover,
several authors have suggested that lipids are used as an energy
source by parasites. Erasmus, 1972 identiﬁed the presence of en-
zymes in trematodes related to the process of lipid metabolism,
especially non-speciﬁc lipases and esterases. Similar results were
obtained by Humiczewska and Rajski, 2005 who identiﬁed the
expression of lipases in all larval stages of Fasciola hepatica
(Linnaeus, 1758). Thus, TAG are initially hydrolysed to free FA
which are, in turn, oxidised within the mitochondrial matrix
(Tripathi and Singh, 2002).
In this context, the results presented suggest that the increase
in the FA levels in the DGG in the treated groups in our study
can be explained by the direct mobilization of neutral lipids, stored
mainly in the form of TAG, as substrate for the process of mito-
chondrial oxidation to form ATP, to meet the energy needs of the
parasite and the host (Klobucar et al., 1997).
The increase in the TAG concentrations observed in the DGG of B.
glabrata infected with E. paraensei during the entire experimental
period is corroborated by previous observations reported by Fried
and Sherma, 1990 working with the H. trivolvis/E. trivolvis pair, as
well as by Muller et al. (2000) and Thompson (1987), studying the
relationship between B. glabrata and S. mansoni. These results sug-
gest that in certain trematode species the larvae induce an increase
in the concentration of TAG in the host, either through secretion of
lipids by the parasite or alteration of the metabolism of the host’s
DGG as a consequence of the infection (Fried et al., 1998). Therefore,
these observations help explain the higher concentrations of this
fraction in the groups exposed to 50miracidia, indicating that in this
parasite–host pair the response is dose dependent.
The decline of the CHO levels in the hemolymph of B. glabrata
infected with 5 and 50 E. paraenseimiracidia in the ﬁrst two weeks
after infection suggests that this lipid participates in the structural
composition of the developing larval stages, since intense mitotic
activity occurs during this period, which correspond to miracidium
change to sporocyst and its subsequent development, resulting in
faster cell and tissue formation in the larvae. Free sterols, espe-
cially CHO, have been reported as the main structural components
for the larval stages of digenetic trematodes (Marsit et al., 2000).
The levels of CHO and CHOE in the DGG of B. glabrata were low-
er in the infected groups than in the control group. The presence of
successive larval stages of E. paraensei during its ontogenetic devel-
opment phase in the host snail results in severe tissue disorganiza-
tion in the DGG, thus leading to an overﬂow of CHO molecules
because of the cell remodeling process. The lowest concentrations
of these substrates (CHO and CHOE) in both infected groups were
observed in the third and fourth weeks after infection, a period
coinciding with the formation and maturation of rediae (Pinheiro
et al., 2005). This stage is characterized by the presence of a prim-
itive mouth, pharynx and intestine, enabling the larva to feed di-
rectly on the tissues of the digestive gland of B. glabrata (Fried
and Huffman, 1996), culminating in more severe cell lesions. Addi-
tionally, comparison of the two infected groups clearly indicated
that the snail’s capacity for response to the infection is directly
associated with the miracidial dose, since there were lower con-
centrations of CHO and CHOE in the DGG of the snails exposed to
50 miracidia, suggesting greater damage.
These observations explain the increase in the CHO levels in the
hemolymph observed in the later periods of infection. Besides this,
if one assumes that snails are able to endogenously synthesize CHOfrom the precursors that have been identiﬁed, latosterol and des-
mosterol (Lustrino et al., 2010; Zhu et al., 1994), the increase in
CHO observed in this work can also be explained as a physiological
response of the snail to the lesions caused by the stages of the
rediae.
In the B. glabrata/E. paraensei model we believe that ﬁrst TAG is
used as an energy source both by the snail and parasite, while CHO
appears mainly to be involved in building the cell and tissue
structures of both organisms. Besides this, the miracidial dose
had a signiﬁcant effect on the concentration of the lipids studied
here. The greatest changes were observed in the snails infected
with 50 miracidia, although the response pattern was similar at
both doses; probably due to ontogenetic development remains
the same. This metabolic feature as function of miracidial dose
used can be explained, at the least, by the greater energetic
demand and putative lesion induced by the higher worm burden.
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